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Diagnostic value of mid-regional pro-atrial natriuretic peptide (MR-proANP)
level in patients with acute pulmonary embolism
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Abstract

Aim: Right ventricular failure can develop in patients with pulmonary embolism (PE) and is associated with increased mortality. Mid-regional pro-atrial
natriuretic peptide (MR-proANP), a natriuretic peptide, is secreted due to the increased atrial wall tension caused by right heart failure. In this study, we aimed
to investigate the diagnostic value of MR-proANP in patients who presented to the emergency department with a pre-diagnosis of pulmonary embolism.
Material and Methods: Among patients with a preliminary diagnosis of PE, 100 patients who were confirmed to have PE by computed tomography pulmonary
angiography (CTPA) were determined as the case group. As a control group, 50 patients were randomly identified, in whom the diagnosis of PE was excluded.
Echocardiography was performed in all patients in the case group immediately after the diagnosis was confirmed, and the presence of right ventricular
dysfunction was investigated. This study was designed as a prospective observational study.

Results: The median value of MR-proANP (645.8 (66.37-3313.08) pmol/L) in the case group was found to be significantly higher than median value of MR-
proANP (442.9 (226.73-774.78) pmol/L) in the control group (p:0.003). MR-proANP was found to be significantly higher in the differential diagnosis of PE.
Discussion: In addition to clinical signs and symptoms, MR-proANP levels seem to be a useful variable that may improve diagnostic accuracy in patients with
suspected pulmonary embolism in the emergency department.
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Introduction

Pulmonary embolism (PE) refers to the clinical picture that
develops as a result of complete or partial occlusion of the
pulmonary artery by ruptured thrombus fragments and generally
originates from the venous system [1] . PE is mostly caused by
blood clots in the lower extremity deep vein system [2]. PE ranks
third among the diseases that cause mortality in the context of
cardiovascular system diseases, after acute coronary syndrome
and cerebrovascular event [3].

PE has a wide spectrum of clinical presentations, and is difficult
to diagnose due to the lack of a specific clinical presentation [4].
Therefore, the most important step for the diagnosis of PE is
clinical suspicion. To confirm the diagnosis of PE, it is important
to evaluate the risk factors, symptoms, physical examination
findings, radiological and laboratory tests as a whole [5].

In patients with PE, right heart functions deteriorate as a result
of increased pressure in the pulmonary embolism artery that
develops proximal to the thrombus. Echocardiography (echo)
is used to assess the size and function of the right heart and
diagnose right heart failure [6].

In 1981, as a result of a long-term study, de Bold et al. first
identified atrial natriuretic peptide (ANP), which is secreted
from atrial myocardial cells and exerts diuretic and natriuretic
effects in rats [7]. ANP is produced as a result of increased
atrial Wall tension. Since the half-life of the 126 amino acid
part of ANP, known as ProANP, is longer, its serum value can be
determined as mid-regional pro-ANP (MR-proANP) with newly
developed methods [8]. It has been determined that in patients
diagnosed with PE, the MR-proANP values are increased and
may provide value in the diagnosis of PE [9,10].

The main purpose of our study was to determine whether or not
the increase in the MR-proANP levels is a useful biomarker in
the diagnosis of PE.

Material and Methods

Study Design: The present study was designed as a prospective
and observational clinical study with case and control groups.
The study included patients admitted to the 3-level university
hospital emergency medicine department with the suspicion
of PE between May 2018 and May 2019. Patients who were
diagnosed with PE, had no exclusion criteria and agreed to
participate in the study were included in the case group.
Patients under the age of 18, pregnant women, trauma patients
and patients who did not accept to participate in the study
were excluded from the study. The definitive diagnosis of PE
was made using 256-slice computed tomography pulmonary
angiography (CTPA). The case group consisted of 100 patients
with a definite diagnosis of PE by BTPA, and the control group
consisted of 50 randomly selected patients without a preliminary
diagnosis of PE. Blood samples of the patients included in the
study were analyzed in the biochemistry laboratory of the
same hospital using the ELISA method. Patient results were
calculated as pmol/L according to the calibration table. In this
study, all patients admitted to the emergency department with
acute PE underwent echo examination. Echo examination of all
patients was performed by the same operator.

Statistical Analysis: Descriptive statistics such as mean,
standard deviation, minimum and maximum were applied

for features that showed continuous variation. Absolute and
percentage frequencies were applied for categorical variables.
Before the statistical analysis, the Anderson-Darling test
was used to determine whether the data showed a normal
distribution or not. The MR-proANP level (and other continuous
variables) was found to show a non-normal distribution, and
the transformation was not enough to stabilize the variance.
Consequently, the Kruskal-Wallis test was used for the multi-
group comparisons, and the Mann-Whitney U test was used to
determine the different group or groups. Two-way tables were
obtained from the categorical data and whether the levels
of these two variables were independent or not was tested
with the Chi-square test. A p-value of <0.05 was considered
significant in the statistical test. All statistical analyses were
carried out with the R software.

Ethical Approval

Ethics Committee approval for the study was obtained.

Results

The demographic and clinical characteristics of the case and
the control groups included in the study are summarized in
Table 1.

The median MR-proANP value in the case group was found to
be significantly higher than in the control group (p:0.003). While
the median (min.-max.) Mr-proANP value was 645.8 (66.37-
3313.08) pmol/L in the case group, this value was found to be
442.9 (226.73-774.78) pmol/L in the control group.

Since the Wells’ scoring system was applied to only the case
group, no comparison could be made with the control group.
In the Wells’ scoring system, there were 55 (55%) patients in
the low-risk group, 36 (36%) in the medium-risk group and 9
(9%) in the high- risk group. The common MR-proANP median
(min.-max.) value of the low- and medium- risk group was 226.7
(157.1-603.7) pmol/L, and the MR-proANP median (min.-max.)
value of the patients in the high-risk group was 877 (272-2122)

Table 1. Demographic and Clinical Characteristics of the Case
and the Control Group Patients

Age* 68.5 (18-91) 67 (22-90) 0271#
Gender** (Female/Male) 60/40 28/22 0.639##
Vital parameters

Systolic Blood Pressure* 120 (80-210) 130 (90-200) 0.025#
Diastolic Blood Pressure* 70 (30-140) 80 (40-110) 0.054#
Heart rate* 109 (51-220) 81.5 (47-138) 0.052#
Fever* 36.6 (34-39.8) 36.55 (36-38) 0.595#
Saturation* 88 (50-98) 96 (90-99) 0.001#
Respiratory Rate* 21.5(12-46) 18 (13-23) 0.001#
Comorbidity (Yes/No)

Diabetes Mellitus** 35/65 17/33 0.903##
Hypertension** 53/47 25/25 0.7294##
Coronary Artery Disease™* 30/70 20/30 0.221##
Malignancy** 24/76 0/50 <0.05##
COPD** 29/71 6/44 <0.05##
Trauma within 4 weeks** 14/86 0/50 <0.05###
Congestive Heart Failure** 17/83 0/50 <0.05##
Pulmonary Embolism** 2/98 0/50 0.553###
Deep Vein Thrombosis** 11/89 0/50 <0.05###

* Median (min-max); ** Number of Individuals; # Determined by the Mann-Whitney U test;
## Determined by the Pearson Chi-Square test; ### Determined by the Fisher’s Exact test
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Table 2. Wells’ Scoring System Distribution Features of The
Case Group

Low-Moderate High p value

MR-proANP (pmol/L)* 226.7 (157.1-603.7) 877 (272-2122) 0.03#

* Median (min-max); #Determined by the Mann-Whitney U test

Table 3. Echo Findings, Case Distribution and Median MR-
proANP Values of the Case Group

MR-proANP (pmol/L)*

p value
Normal Pathological
PAP 303.35 (114.84-3313.08) 233.25 (66.37-2830.26) 0.461#
RAA 246.62 (87.65-3313.08) 255.62 (66.37-2700.11) 0.502#
TAPSE 529.18 (66.37-2700.11) 210.92 (87.65-3313.08) 0.01#

* Median (min-Max) # Determined by the Mann-Whitney U test

pmol/L (p:0.03) (Table 2).

The median MR-proANP value in the case group was found to
be significantly higher compared to the control group (p:0.003).
The median (min.-max.) MR-proANP value was 645.8 (66.37-
3313.08) pmol/L in the case group, whereas this value was
found to be 442.9 (226.73-774.78) pmol/L in the control group.
After being diagnosed with PE, all patients in the case group
underwent echo that was performed by a single cardiologist.
The Right Atrium Area (RAA), Pulmonary Artery Pressure (PAP)
value and Tricuspid Annular Plane Systolic Excursion (TAPSE)
values were measured with echo to detect right heart failure in
all patients. Among the patients diagnosed with PE, the numbers
of patients with normal PAP value, RAA and TAPSE values were
21, 69 and 28, respectively. There was no significant difference
in the MR-proANP median value between the group with
normal and increased PAP value and RAA (PAP and RAA p value;
0.461, 0.502, respectively). However, there was a significant
difference between the groups with reduced and normal TAPSE
values (p:0.01). The echo findings of patients with PE and MR-
proANP values are displayed in Table 3.

The primary result of the study was that the patients in the
case group diagnosed with PE were followed only as discharge
and death. Thirty-one patients in the case group died during
their treatment. The MR-proANP median (min.-max.) value of
the cases that died was 211.05 (114.84-2785.15) pmol/L. In
the case group, the number of patients who were discharged
after treatment was 69. The median (min.-max.) MR-proANP
value of the discharged patients was 275.65 (66.37-3313.08)
pmol/L. The comparison of the median MR-proANP values
of patients in the case group who died and were discharged
showed no significant difference (p:0.207).

Discussion

The current study is the first study evaluating the diagnostic
accuracy of the MR-proANP bedside test for acute PE in
life-threatening condition
requiring immediate medical attention. Despite technological
developments and increased awareness of physicians about PE,
there are delays in diagnosis. As a result, PE has high mortality
and morbidity caused by PE and reduces healthcare costs.

emergency settings. PE is a

In acute PE, Right Ventricle (RV) dysfunction may develop
as a result of increased pressure in the proximal area of
the thrombus. In RV dysfunction, the tension on the cardiac
wall increases resulting in natriuretic peptides secretion. In
the study conducted by Celik et al., the N-terminal pro-brain
natriuretic peptide (NT-proBNP) level of patients diagnosed
with PE was found to be higher than in the control group [11].
In another study on PE, Pro-ANP, BNP, and D-Dimer tests were
found to be significantly higher in patients diagnosed with
PE complicated with RV dysfunction [12]. In the current study,
patients diagnosed with PE were also found to have higher MR-
proANP levels. In our study, this result was found to be similar.
Studies on the diagnostic and prognostic value of many
biochemical biomarkers in patients with PE have been
conducted in recent years. However, there are still a limited
number of studies in the literature. In the present study, the
MR-proANP value of patients with acute PE in the emergency
department was found to be significantly higher (p:0.003). Our
results revealed that the median (min.-max.) MR-proANP value
in the patient group was 645.8 (66.37-3313.08) pmol/L, while it
was 442.9 (226.73-774.78) pmol/L in the control group. In line
with the results of our study, it was suggested that MR-proANP
is significantly higher in the acute period in PE and can be a
parameter that is easy to study.

In the present study, atrial natriuretic peptide (ANP), which
is a member of the natriuretic peptide family synthesized
primarily in the atrial chambers of the heart, was investigated.
Stimulation of ANP release is the result of myocyte stretching
rather than transmural pressure load [13]. In a study conducted
on patients with dyspnea, the median value of MR-proANP was
found to be significantly higher in patients with heart failure
among other causes of dyspnea [9]. It has been reported that
the increase in MR-proANP levels in PE patients is important
in terms of diagnosis, severity and prognosis. In patients with
PE, the natriuretic peptide level was found to be significantly
higher in patients who died than in those who survived [14].
While the natriuretic peptide level may not be the right method
to distinguish PE from acute heart failure, we believe that high
MR-proANP levels can be used to diagnose PE. If the patient has
a high MR-proANP value, the diagnosis of PE should definitely
be considered [10].

Right heart dysfunction can be determined quickly by performing
echo to the PE patients. Signs of right heart dysfunction are
seen in at least 25% of patients with PE on echo imaging [6].
In a study investigating the mortality of patients diagnosed
with PE, it was reported that right heart dysfunction had no
influence on mortality [15]. In our study, however, there was no
difference in mortality between those with and without right
heart dysfunction.

In the study involving PE patients whose CTPA results were
investigated, it was reported that factors that adversely affect
the prognosis of patients with PE were the RV/LV ratio =1 and
the TAPSE value <16 mm [16]. A significant value of TAPSE
for right heart dysfunction was determined as <16 mm. In a
study conducted on the echo findings of PE patients, it was
stated that TAPSE was associated with right heart dysfunction
[17]. In a study on PE, the RAA was found to be 18+4 cm2 and
the PAP value as 46+11 mmHg, and it was considered to be
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increased [18]. In line with the current medical literature, our
results revealed that an increase in the RAA and a decrease in
the value of TAPSE were indicators of right heart dysfunction,
but it did not provide any information on 30-day mortality.

Cor pulmonale occurs as a result of pulmonary hypertension
that develops due to increased resistance in front of pulmonary
flow. Lung diseases may result in cor pulmonale by causing
pulmonary hypertension [19]. In the study by Pervez et al., the
MR-proANP value in the blood taken on the second day was
found to be significantly higher than on the first day in 23 of 83
patients hospitalized for CPD exacerbation [20]. Similarly, the
present study revealed that patients with RV dysfunction had
high MR-proANP values.

Limitations

The present study had three limitations. First, since MR-proANP
is a new biochemical marker and it is not exactly known how
it could be affected by comorbidity and medications. Second,
the size and location of the thrombus vary from patient to
patient, hence the level of right heart dysfunction. Therefore,
the amount of MR-proANP release may have differed since the
right heart tension level of each patient is different. Third, some
of the patients in the case group were undiagnosed during the
acute phase of PE due to not presenting to the hospital at the
onset of symptoms. Besides, echo could not been performed
during the acute phase of the embolism because some patients
did not present to the emergency room at the acute phase of
their complaints.

Conclusion

We believe that MR-proANP is a fast, simple and non-invasive
biochemical test. Also, more studies are needed to make it a
diagnostic marker. We believe that future studies will confirm
our results.
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